Abstract. A full diallel cross of four-parents was used to study gene action involved in the inheritance of earliness and vegetation period in forage pea (Pisum sativum L.) and estimation of general and specific combining ability effects. The genotypes used in the present study were Kerpo, Pleven 10, Mir and EFB33. The results of the analysis of combinative ability of the investigated traits showed influence of additive gene actions. The Vr/Wr graphs confirm the previous analysis that these traits were controlled by partial dominance. Kerpo was found to be the best general combiner for earliness (-30.06) and short duration of the vegetation period (-30.68). On the contrary, Pleven 10 exhibited highly negative combinative ability for both traits (13.06; 12.06). For decrease of the duration of periods days to beginning of flowering and technical maturity perspective crosses with high negative SCA effect were P 2 × P 3 (-10.56; -9.56) and P 1 × P 3 (-7.31; -9.31). Partial dominance and additive gene actions were observed for both traits. The fraction of h 2 /H 2 indicated that at least one-two groups of genes controlled dominance for these characters. Mir, Pleven 10 and E.F.B.33 were found as genotypes with exhibited dominant alleles, but with recessive alleles Kerpo. Broad and narrow sense heritability were ranged from moderate to high for the studied traits. The parental form used in the present study Kerpo possessed favorable genes for the studied traits, which could be utilized in the breeding programs designed to improve these triats of the forage pea.
Introduction
The genetic improvement of crop as pea (Pisum sativum L.) might be approached through selection or by hybrid development depending on the magnitude of the additive and non-additive genetic variation of the most important economical traits [DALIA et al., 2013] . One of the main methods for combining of different traits and attributes of the parent's forms is the hybridization. The beginning selection stages included in the basis part estimated of parent's varieties and their hybrids. Many of researchers propose to be done investigations on variability in F 1 and next generations of the more important traits [NANEVA, 1981; POPOVA & SACHANSKI, 1988; POPOVA, 1990; ALEKSIEVA and NAIDENOVA, 2012] .
Combinative ability of the made hybrids and lines is being used as selection criteria of parent's choice and as gene acts information source. One from often used and applied methods for assessment combinative ability and gene actions of pea is diallel analysis [CSIZMADIA, 1994; SHARMA et al., 1999; SRIVASTAVA et al., 2000; BOURION et al., 2002] . The genetical studies related to the inheritance of days to start flowering are main in the production of vegetable product and needed requirement to the contemporary pea varieties [HASSAN, 2012; DHILLON & CHAHAL (1981)] . studied the inheritance of this trait at pea varieties using full diallel scheme of crossing establish over-dominance for number days to flowering [GUPTA & DAHIYA (1986) ] reported for partial dominance on the phonological phase begining of flowering [KUMAR & AGROWAL (1986) ] for prevalent additive gene actions.
The investigations of [SINGH et al. (1987) ] for combinative ability and genetic control in earliness in pea hybrids are showed as additive so non-additive genes actions.
According to [SURINDER et al., (1980) ] in inheritance the trait days to flowering is important additive control. It was found that the common duration of the vegetation period correlated with period germinationblossoming [CUMANOV et al., 1988] .
Results obtained by [SRIVASTAVA et al., (1986)] the supposed being on two systems of genetic control for the period of flowering. The first genetic system (for early flowering) is due to the increasing on recessive genes, second (for late flowering) to the dominant genes. The aim of this study was to obtain information about combining ability and genetic parameters of phenophases beginning of flowering and vegetation period of pea (Pisum sativum L) using full diallel analysis. Data were subjected to analysis according to GRIFFING, (1956) ] . The Griffing's Method 2 (including reciprocal F 1 crosses), Model I (fixed effects) was used to analyze general combining ability (GCA) of varieties and specific combining ability (SCA) of crosses. The genetic parameters and graphical analysis were estimated as per Hayman.
Material and methods
For investigation genetical properties of parental components graphical method by [HAYMAN (1954 [HAYMAN ( , 1958 ] was used. With this approach, components of variation were partitioned into "a"-primarily additive effects; "b"-primarily dominance effects; "b1"-mean deviation of F 1 s from their mid-parental value; "b2"-variation of deviation of F 1 s from their mid-parent value over arrays; "b3"-that part of dominance variation unique to each F 1 ; "c"-average maternal or cytoplasmic effect of each parental form; "d"-reciprocal differences (not ascribable to c).
From data analysis were obtained as follows: variations due to additive effect (D); the mean of 'Fr' over the arrays (F), Fr is covariance of additives and non-additive effects in single array; components of variation due to dominance effect of genes (H 1 ); calculations to predict proportion of positive and negative genes in parents (H 2 ); dominance effects (as algebraic sum over all loci in heterozygous phase in all crosses) (h 2 ); expected environmental components of variation (E); mean degree of dominance ((H 1 /D)1/2); proportion of genes with positive and negative effects in the parents (H 2 /4H 1 ); the proportion of dominant (Kd) and recessive (Kr) genes in the parents; the number of groups of genes which control the character and exhibit dominance (h 2 /H 2 ; is proportion of dominant and recessive genes in parents
correlation between degree of dominance of parents (Wr+Vr) and parental value (Pr) r (Pr, Wr+Vr). Heritability in broad sense (H 2 ) was measured as proportion of genetic variance of homozygous parents in phenotypic variance between parents, while heritability in narrow sense (h 2 ) was calculated as the proportion of additive variance in phenotypic variance [MATHER and JINKS, 1971] . The computer programs DIALL [UKAI, 1989] and Genes 2009 v.7.0 [CRUZ, 2006] were used.
Results

Diallel Analysis of variance based on Griffing
The mean sum of squares due to specific combining ability (SCA) revealed well significant for beginning of flowering (Table  1) . This showed the presence of sufficient genetic diversity in selection material. General combining ability (GCA) was not significant what both, additive and non-additive gene actions were predominant for expression of these traits. Similar result was also reported by [SINGH et al. (1996) ] in pigeon pea.
The GCA variance was higher than SCA variance and relation was positively (1.43; 1.23) indicating additive gene action was important for , expression of traits. Negative GCA effect was preferable for days to flowering by it indicates capacity of early parent to transmit its character to progenies in cross combination of other parents. (Table 3) .
On other hand, hybrids P 2 ×P 3 (-10.56; -9.56) and P 1 ×P 3 (-7.31; -9.31) exhibited negative SCA effect which indicating crosses were poor specific combiners.
In both cross combination one parent was good general combiner and other was poor one.
Positive GCA and SCA effects would reflect combining ability for late harvest whereas negative effects mean good combining ability for early harvest. So, for earliness, parent Kerpo was best general combiner.
Diallel Analysis of variance based on Hayman
With dispersion analysis (Table 4 ) of traits of investigated genotypes components of genetically variation were established. The diallel analyses indicate that almost all genetic effects were revealed highly significant for both traits.
However, additive effects were high in comparison with non-additive effects.
Therefore, it could be concluded that both, additive and non-additive effects were important in control of these traits, while additive effects was is predominant (a > b).
Wr/Vr analysis: Vr/Wr graph for days to flowering shown in Figure 1 -A. The regression line cut Wr axis in a positive part, showing that average degree of dominance was partial.
Positions of arrays indicated that parent Kerpo was the early cultivar because most distant from ground zero and can be used for increasing earliness.
Parents Pleven 10, Mir and EFB33 were late types, as EFB33 possess most dominant alleles.
Estimate of components of genetically variation for traits in forage pea is given in Table 5 .
Distribution of genes in the parents can be seen from the value of H 2 .
The proportion of positive genes will be seen from the value of H1 against H2.
If H1>H2 then the genes were more positive genes, on the other hand, if H1<H2 then the genes were more negative ones.
For the trait beginning of flowering values of D was higher than H 1 and ratio H 1 /D<1(0.97), what confirm graphical analysis ( Figure. 1 ) that trait was inheritated partial dominance.
The data for h 2 /H 2 (1.35) shown that two-three groups of genes had control over this trait. Cannot await quick selection results about this trait because alleles in every polymorphic locuses show dominating are distributed non uniform between parents (Н 2 /4Н 1 -0.20). (Fig. 1-B) . The intercept of the regression line with vertical axis (Wr) is it being above origin indicated that average degree of dominance was partial.
The regression coefficient was found close to unity indicating absence of non-allelic interaction. The value of the H1, D and ratio H1/D support Wr/Vr analysis.
The ratio (H1/D) was 0.98, which close to unity but less than one indicating partial dominance (Table 5) .
This trait was controlled from one-two groups of genes h2/H2 (1.18).
As the first trait-beginning of flowering for the vegetation period alleles in every polymorphic were distributed non uniform between the parents (Н 2 /4Н 1 -0.19).
In inheritance of this trait was found low prevail on recessive genes [(4DH 1 )½+F/(4DH 1 )½-F]>1; Kd/(kd+kr)=0.74. Heritability in narrow sense (0.42) of this trait was the lower in comparison with broad sense (0.99).
The correlations between parental values (Pr) and the recessive factor (Wr + Vr) were negative for both traits (-0.994; -0.997).
These values indicated the essential relation between the duration of the investigated traits and the presence of dominant alleles in the genotype of these varieties.
Discussion
The results of the present study were in agreement with the data reported by .They announced for strong influence on additive genes actions for vegetation period.
For different genes actions for duration of phenologycal phases and vegetation period reported [SHARMA et al., (1999) ] as well as [KALAPCHIEVA, (2007) . WALY & ABDEL-AAL, (1986)] findings were for additive control and over dominance inheritance for trait earliness.
The results of analysis of combinative ability of investigated traits showed influence of additive gene actions. The Vr/Wr graphs confirm the previous analysis that these traits were controlled by partial dominance.
Kerpo was found to be the best general combiner for earliness (-30.06 ) and short duration of the vegetation period (-30.68 ).
On the contrary, Pleven 10 exhibited highly negative combinative ability for both traits (13.06; 12.06).
For decrease of the duration of periods days to beginning of flowering and technical maturity, perspective crosses with high negative SCA effect were P 2 ×P 3 (-10.56; -9.56) and P 1 ×P 3 (-7.31; -9.31).
Partial dominance and additive gene actions were observed for both traits.
The fraction of h 2 /H 2 indicated that at least one-two groups of genes controlled dominance for these characters. Mir, Pleven 10 and E.F.B.33 were found as genotypes with exhibited dominant alleles, but with recessive alleles Kerpo.
Broad and narrow sense heritability was ranged from moderate to high for the studied traits. The parental form used in the present study Kerpo possessed favorable genes for the studied traits, which could be utilized in the breeding programs designed to improve these triats of the forage pea.
